
- -—--- - - - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

150 and 270 deg. To dep ict the surface wi n d d a t a  in  a -~

second fashion and to also indirec tly involve the VIS and

IR DCV ’s, wind direc tions were attached to each of the -

da ta points depicted in Fig. 31. To establish mean wind -

d i r e cti ons , averages by column and row as po rtrayed in

Fig. 43 were performed. For the averages given in which

five or more wind reports were considered in the average ,

the mean wind directions were as follows : 160 through

262 along the VIS axis; 171 through 226 along the IR axis.

Thus , the surface w inds with southerly components are typi-

cally rela ted to heavy fog conditions over the eastern

Nor th Pacific Ocean during the August period studied.

I
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V. CONCLUS IONS A N D  R E C O M M E N D A T I O N S

The p r i n c i p a l  o b j e c t i v e  of t h i s  s t u d y  w a s  to asce r tain

the value and applicability of DMSP and SMS-2 satellite data

in the diagnosis of marine fog over the open ocean. Through

the interpre ta t ion and process ing of di gi tal da ta f r o m  both

sa tel lit e sys tems w ith conv en ti o n a l  s u r f a c e  sh ip r epo rts as

ground- truth verification , optimal ranges of digital count

v a l u es r e l a ted to f~~q occur rence for both the VIS and IR

da ta were de termined ~.‘ ble vi). A secondary objective of

the study, the establishment of usable statistical correla-

tions of satellite and conventionally—reported weather para—

me ters , wa s o n l y  par tia l l y ach ieved  t h r o u g h  the re la ti o n s h ip

be twe en observ ed fo g repor ts , asso cia ted su r face  w ind , and

SM S—2 VIS and IR DCV’s. Fur ther statistical analyses were

not performed using these data due to time limitations.

DMSP data proved insufficient in quantity for truly

meanin gful input to the study as a whole. Any polar orbit-

ing satellite data utilized in a study such as this one

mu st be available over a much longer time period so that a

represe ntative number of da ta po ints may b e made ava i lab le

for investigation. Processing techniques employed herein ,

howeve r, may be useful for fu ture s tudi es involving DMS P

da ta.

SMS- 2 recorded data processed using the MCIDAS , pro—

vided the major data source for the study. The high quality
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n u m e r i c a l  p r o d u c t s  and i m a g e r y  a v a i l a b le f r o m  the  S M S - 2

system provided the necessary base for meaningful data pro-

cessing. Even though the final sample size for the study

was r e l ati v e l y  s m a l l , the  p rocessing a c c u r a cies a ttai ned

throughout the inves tigation were noteworthy and provided

very high quality data for further analysis. The utility

of a derived cloud heigh t parameter that has been finely

tuned to account for various cloud types and varied atmos-

pher ic conditions is apparent. Although the MCIDAS CLDHGT

parame ters derived for this study did not provide signifi—

can t ins i ght into fog diagnosis , it is felt that refinement

and development of this program will provide valuable input

toward future studies. Perhaps the CLDHGT program will

also be able to address still another problem , namely, the

segregation and discrimination of fog from stratiform clouds

wi thout associated fog.

The following re commenda tions are o ff ered for futu re

stu d i e s :

(1) C o n d u c t a sim i l a r  stud y f or a l o n g e r time per i od

using both DMSP and SMS-2 data.

(2) Wor k toward incr ease d automa tion o f proces sin g

techniques herein outlined using existing computer

facil ities .

(3) Investigate the feasibility of modify ing existing

MCIDA S nav iga tio n a l  and CLDH GT p ro g r a m s  for use on

the NPS computer.
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( 4 )  Fu r t h e r  i n v e s t i g a t e  t h e  M C I D A S  CLDHGT p r o g r a m  as

d e v e l o p e d  by M o s h e r  ( 1 9 7 4)  in  the  fog  d iagnos is

applica tion.

(5) Further examine statistical relationships be-

tween conventional synoptic ship report data and

VIS/ IR coun t value dis tributions .

(6) Co nsider f uture fog resea rc h us ing the MC IDA S

facility at the SSEC , University of Wisconsin.

(7) Investigate a scheme which would involve the

ass ig n m e nt of “ weighting factors ” to selected

VI S/ I R  d igital count value parameters and when

used in combination with climatology, moisture

content , temperature , wind , and other fog—

related parameters , ar rive at a credible fog

probability analysis (Hale and Renard , 1975)

_ _  - 
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APPENDIX A

Convers ion of latitude/longitude position to I—J grid co-
o r d i n a t e s  (F N WC Subroutine Library) .

The f o l l o w i n g  e x p r e s s i o n s  w e r e  p r o g r a m m e d  f o r  u se  with

a programmable cal culator :

I = I + ((Re) 
~l 

0

i)~~~~~~ 
(cos(350-X ))]

J = J + ( ( R e ) ( co:~~~ 
~~ ( s i n ( 3 5 O - X ) ) ]

where: I = Pole position = 31

J = Pole position = 31 :~p

= Latitude , in degrees

A = Longitude , in degrees

Re = Distance from pole to equator in grid
mesh lengths 31.205.~ -

— I
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~

-
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APPEND I X B

A v e r a g ing schemes  f o r  DMSP di g i t a l  d a t a  — 2 x 2  and 4 x 4 .

- 
- G i v e n :

( 1) Set of I-J gri ds compu ter pro duced , each consisting

of 64 by 64 (4096 total) digital count values.

(2) Latitude/longitude positions converted to I-J grid

coord ina tes (see A p p e n d i x  A )

( 3 )  O v e r l a y ,  s u b d i v i d e d  to n e a r e s t  h u n d r e d t h, to e x t r a c t

values from printed grid.

P r o c e d u re :

(1) Enter I—J grid (with overlay) and select the two-

digit value closest to point on the overlay .

(2) Extract surrounding four points (including point

value jus t se lec ted ); sum points and di v ide by

four for 2x2 average.

(3) For calculation of the 4x4 average a weighting

scheme is used, based on radial distance from the

center of the grid. I—3 coordinates entered a e

assumed to be at grid center to accomplish this

average .

A _  _ _ _  _ _ _ _
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Point s a , b , c r e f e r  to d i g i t al  c ou n t  v a l u e s  as l o c a t e d  on

6 4 x 6 4  g r i d .

7

c~~~ b b

( r~~-~
)
~ -

A s s u me :  D i s t a n ce  b e t w e e n  e l e m e nt s  is e q u al  to two Units

for purposes of deriving wei gh ting factors (W
r) (i.e.

d i s t an c e  a to b = 2 u n i t s )

W ~~~~~ ‘,J =~~ L 
~ = — ~--a ,,,~~

. b c

t h e r e f o r e, W = 4 ( ~.L~) + ~~~~~ +r 
3/~

= 6.301058r

W e i gh t i n g  F a c t o r s:
1

a t all points “a” = = 6.;0l058 = .1122203

a t all points “b” = ZW = 
6.301058 = .0501864

1 
-

at  a l l  p o i n t s  “a ” = ~~~~ = 6 . 3 O l O ~ i 
= .037406 7

C H E C K : Does  + 

~ 

= 1 ?

41 .11222 33) + 81.0501864) ÷ 41.0374067) =

.9999997 1

I.~
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Sample  A v e r a g ing P r o c e d u r e :

363737383940
3636373738 14 1
36363837 138 14 0
36 373 8’~ 813 814 0
3936373838 14 0
383637383840

“ “  = Exact location of 1—3 coordinate (to nearest hundredth)

point value = 38

• 38 + 37 + 38 + 382 x 2  a v e r a g e  = 
4 

= 37 .8

4x4  a v e r a g e  = .1122203(38 + 37 + 38 + 38) +

00501864(37+37+38+38+38+37+37+36)

+ .0374067(36 + 38 + 38 + 36)

= 37.4

42
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A P P E N D I X  C

The Man—Computer Interactive Data Access System (MCIDAS)

The M a n — C o m p u t e r  In t e r a c t i v e  Da ta  A c c e s s  S y s t e m  ( M C I D A S )

located at  the Space  S c i e n c e  and E n g i n e e r i n g  C e n t e r  a t  the

U n i v e r s i t y  of W i s c o n s i n , M a d i s o n , W i s c o n s i n , was d e v e l o p e d

for process ing two dimens ional image data from hi gh volume

data sources such as the Synchronous Meteorological Satellite

(SMS—2) which transmits approximately 75 billion bits of

image data each day (Smith , 1975). The characteristics that

are required for a system to process SMS—2 data and which

were therefore built into the MCIDAS include:

“a. Best possible navigation
b. Preservation of inherent resolution and geome try
c. Speed and precis ion of au toma ted techni qu es
d. Human in teraction only for decision-making but not

for da ta handl ing o r measure m ent
e. Combi nation of digital and analog hardware
f. Real or near—real time processing .”

(Chatters and Suomi , 1975)

Some of the  capab il iti es of the M C I D A S in c l u d e  the

following:

(1) Digital da ta may be transformed into analog pic ture

format display at MCIDAS terminals.

( 2 ) I m a g e s  may  be time sequenced on a terminal; a use-

ful capabil ity in tracking clouds.

(3) Inherent in the system ’s opera tion is an interactive

c a p a b i lity in wh ich the human oper ator a lways

o c c u p i e s  a decision-making position. 
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(4 ) Images (pictures) on a MCIDAS terminal may be com-

bined or overlaid as well as color enhanced.

Uni que features wh ich are intrinsic to the MCIDAS include

both  a u n i que n a v i g a t i o n a l  model  and t h e  W I N D C O / C L D H G T  s y s t e m .

The n a v i g ational mode l , although ex tremely complex , a l l o w s

r a pi d  t r a n s f o r m a t i o n  f r o m  s a t e l l i t e  c o o r d i n a t e s  to t r u e

e a r t h  c o o r d i n a t e s.  The W I N D C O / C L D H G T  s y s t e m  was  d e v e l o p e d

for use in cloud— tracking .

For  this  s tud y,  the CLDHGT sub—system provided a unique

parame ter: cloud base height derived from satellite digital

data. The basic steps involved in the program include the

f o l l o w ing:

(1) Using visible brightness values the optical thick-

ness of a cloud is determined.

(2) From the optical thickness , the IR emissivity of

the cloud is computed.

(3) The true temperature of the cloud is then computed.

(4) From this tempera ture , and cl imatological soundings

ind e x e d  by s e a s o n  a nd geo g r a p h ic a l pos i t ion , the

height of the cloud top is determined.

(5) Cloud thickness can be computed from the optical

thickness and an extinction coefficient (Mosher ,

1974).

Cloud thickness was subtracted from cloud top height to pro—

duce a cloud base heigh t for each ground truth ship latitude/

longi tude position. Since the program was originall y de-

ve loped and modeled for cumulus—type clouds , a tentative cor—

rec tion factor was introduced by Mr . Mosher for the purpose

of this study .
44
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TABLE I

DMSP da ta  i n t e r v a l  as a f u n c t i o n  of l a t i t u d e

L a t i t u de  I — J  g r i d  s i z e  ( n m i )  D a t a  i n t e r v a l  (nmi )

E q u a t o r  110.4 by 110.4 1. 73

30N - 165.6 by 165.6 2 . 5 9

45N 188.5 by 188.5 2.95

60N 206 by 206 3.22
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TABLE II. Marine-fog dura tion ca tegories as dependent on
the visibility—weather group elements of the primary synoptic
repor t. Hours of fog assigned are derived from an analysis
of summer—season North Pacific Ocean Weather Station (P ,Q, S)
wea ther  log da ta ( a f ter Wilims , 1975) .

Fog Coded Coded Hours
Duration Coded Presen t Pas t of Fog

Ca tegories Visibility Wea ther Wea ther - Ass i gned
10 * 40—49 4 5.5
15 * 40—49 5 4.3
20 * 10 4 5.1
22 * 11,12 4 3.0
24 * 10 5 3.0
2 6 * 11,12 5 2.0
30 90—93 ** 4 4.7
31 90— 93 H 4 3.0
32 94 ** 4 3.8
33 94 H 4 3.0
35 90—93 ** 5 3.8
36 90—93 H 5 2.0
37 94 ** 5 1.2
38 94 H 5 1.0
40 * 28 4- 5.3

• 

I 
45 * 28 5,6 3.3
50 * 40—49 6 3.6
60 * 10 6 2.6
65 * 11,12 6 1.0
70 90—93 ** 6 2.9
71 90—93 H 6 1.0
72 94 ** 6 1.0
73 94 H 6 1.0
80 * 40—49 2 4.0
90 * 10 2 3.5
95 * 11,12 2 1.0

100 90—93 ** 2 2.5
102 94 ** 2 1.3
110 * 28 2 4.6
120 * ** 4 3.1
130 * 40—49 0,1,3 ,7—9 3.6
140 * 10 0 ,1,3,7—9 2.6
145 * 11,12 0,1,3 ,7— 9 1.0
150 90—93 ** 0,1,3,7— 9 1.0
152 94 ** 0,1,3 ,7— 9 1.0
160 * 28 0,1,3 ,7—9 3.3
175 95—96 ** 0— 3 ,5— 9 0.6
180 All reports not fitting above categories

* Denotes any visibility allowed , i.e. 90-99 
F

** Denotes any present weather code except 10,11,12 ,28 ,40—49
• or heavy present weather codes

H Denotes heavy presen t weather codes only: 30—39 , 62— 65 ,
67, 69 , 72— 7 5, 81 , 82 , 84, 86, 88, 90—99

_ _ _ _ _ _ _ _  - 
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TABLE I I I .  Fog d u r a t i o n  c a t e g o r y  (FDC ) g r o u p i n gs .

A s s u m e d
Group Weather Condition FDC ’s in c luded

FDC Group 1 heavy fog l i k e l y  10 , 15 , 30 , 35 , 50 ,
(FDC GR 1) at  o b s e r v a t i o n  70 , 80 , 100 ,130

t ime

FDC Group 2 l i g h t  fog  l i k e l y  20 , 24 , 32 , 37 , 60 ,
(FDC GR 2) at observation 90,140

t i m e

FDC Group 3 fog likely but not 22 ,26 ,40,73 ,110,
(FDC GR 3) necessar i ly at ob— 120

serva tion t ime

FDC 175 visib il ity q u a l if i e s  175
for ligh t fog, but
fog not reported

FDC 180 no fog 180

~



TABLE IV .  DMSP h i s t o g r a m  s t a t i s t i c s .

Rang e of
Fi gu re  DMSP C o u n t  V a l u e s  Tota l  no .

H i s t o g r a m  N o ,  Da ta  ( 0 — 6 2  p o s s i b l e )  of r e p o r t s

All FDC 9 VIS 26 — 60 69

All  FDC 11 IR 19 — 46 116

FDC GR 1 lOa VIS 29 — 52 12

FDC GR 1 l2a  IR 20 — 39 37

FDC GR 2 ,
FDC GR 3 ,
FDC 175 lOb VI S 28 — 55 12

FDC GR 2 ,
FDC GR 3 l2b  IR 19 — 38 14

FDC 175 l2d  I R 20 — 38 11

FDC 180 lOc  VIS 26 — 60 42

FDC 180 l2c IR 20 — 46 50

~~~~~~~~~~ ~
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TABLE V. SM S—2 histogram statistics.

Rang e of Tota l  no .  Mean
H i s t o g r a m  F i g u r e  Coun t  V a l ue s  of r e p o r t s  v a l u e

VIS Al l  FDC 13 39 — 198 715 121.7

VIS FDC GR 1 14 74 — 184 13]. 135.6

VIS FDC GR 2 15 92 — 160 24 135.9

VIS FD C ~R 3 16 62 — 184 32 134.2

VI S FDC 175 17 4 7 — 198 41 1 4 2.8

VIS FDC 180 18 39 — 185 457 114.0

IR All FDC 19 73 — 196 714 115.6

F I 
IR FDC GR 1 20 89 — 195 131 121.3

IR FDC GR 2 21 95 — 191 24 124.6

IR FDC GR 3 22 96 — 180 32 118.8

IR FDC 175 23 76 — 190 41 129.6

IR FDC 180 24 73 — 196 456 112.1

- -  - - - — -~~~~ --  
_____ _ _ _ _ _ ~~ F~~x _ _ _ _ _
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TABLE VI . SMS—2 VIS/IR coun t value range before/after
removal  of m i d d l e/h i g h  c louds .

No. of
reports after Digital count

apparent middle value range
FDC No . of and high cloud VIS IR

Group reports cases removed before after before after

FDC GR 1 131 74 74—184 78—168 89—195 89—130

FDC GR 2 24 16 92—160 92—160 95—191 95— 132

FDC GR 3 32 23 62—184 62—167 96—180 96—120

FDC 175 41 18 47—198 47— 168 76—190 76—126 

-----~~~~~ --  _ _ _ _



- TABLE V I I .  S M S— 2  c loud  base  h e i g h t  s t a t i s t i c s .

- 

H i s t o g r a m  F i g u r e  Mean  h e i g h t  C m )  To t a l  n o .  of r e p o r t s

A l l  FDC 36 651.5 717

FDC GR 1 37 4 6 2 . 9  132

FDC GR 2 38 — 1 2 1 . 8  25

FDC GR 3 39 287.6 32

FDC 175 40 —842.6 41

FDC 180 41 915.2 457

L 
_ _ _ _  
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